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ABSTRACT 

Blackgram  (Vigna  mungo  (L.)  hepper),  is  one  of  the  important  pulse  crops  in  the  world  especially  in  India,  it  is 
cultivated  both  in  Kharif  and  Rabi  seasons  under  semi  irrigated  and  dry  land  conditions,  where  the  drought  stress  is  a  major 
problem.  Plants  adapt  alternate  pathways  for  their  existence  during  the  periods  of  stress,  especially  at  flowering  and  pod 
filling  stages.  It  is  evident  that  resistance  or  sensitivity  to  the  stress  depends  on  species,  genotypes  and  even  developmental 
stages  and  it  is  essential  to  identify  novel  stress  responsive  genes  from  the  resistant  species  to  develop  the  stress  tolerant 
plants.  To  understand  the  gene  expression  in  response  to  the  drought  stress  the  isolation  of  RNA  is  a  preliminary  step. 
Isolation  of  RNA  in  pure  form  involves  interference  of  substances  like  polyphenols,  secondary  metabolites  and 
polysaccharides  which  can  co  precipitate  and  making  problems  to  get  pure  RNA.  Use  of  earlier  methods  such  as  combine 
guanidine  and  CTAB,  SDS  and  phenol  not  successful  in  getting  good  quality  and  quantity  RNA  yield  from  blackgram. 
There  are  no  previous  reports  available  in  the  literature  regarding  isolation  of  RNA  from  drought  stress  induced  blackgram. 
In  our  study  an  attempt  was  made  to  isolate  the  RNA  from  flowers  and  roots  of  blackgram.  We  have  used  sucrose-  sodium 
chloride  extraction  buffer  to  isolate  the  RNA  and  in  the  final  step  lithium  chloride  (LiCl2)  was  used  to  selectively  precipitate 
the  RNA.  Using  this  protocol  we  have  successfully  obtained  the  high  quality  total  RNA  from  leaves,  flowers  and  roots  of 
black  gram  which  will  be  used  further  for  cDNA  library  construction  and  gene  expression  studies  using  real-time  PCR, 
RACE,  stress  expression  studies  and  genetic  diversity  studies. 
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INTRODUCTION 

Blackgram  [Vigna.  mungo  (L.)  Hepper]  is  an  important  legume  crop  widely  cultivated  in  Asia  for  the  purpose  of 
protein,  amino  acids,  vitamins,  and  minerals  and  for  its  plant  parts  as  fodder  and  green  manure.  This  legume  crop  adapts 
well  to  various  cropping  systems  owing  to  its  ability  to  fix  atmospheric  nitrogen  (N2)  in  symbiosis  with  soil  bacteria  of 
Rhizobium  spp.,  apart  from  having  rapid  growth  and  early  maturity.  Recent  statistical  evidences  have  revealed  that 
blackgram  yields  depleted  year  by  year  in  India,  particularly  in  Andhra  Pradesh  (Directorate  of  Economics  and  Statistics, 
Department  of  Agriculture  and  cooperation,  Ministry  of  Agriculture,  Government  of  India,  2012).  Even  though  blackgram 
is  a  good  source  of  protein,  this  crop  is  neglected  in  breeding  research,  both  at  national  and  international  levels,  particularly 
in  the  field  of  genomics.  Blackgram  is  classified  into  the  genus  Vigna,  subgenus  Ceratotropis  (known  as  Asian  Vigna  or 
Asiatic  gram),  section  Ceratotropis  and  Spp.  mungo  (Tomooka  et  al,  2002).  It  is  diploid  in  nature  with  2n=2x=22  having 
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small  genome  size  estimated  to  be  0.59  pg/lC  (574  Mbp)  (Arumuganathan  K  and  Earle  ED,  1991).  In  terms  of  genomic 
resources,  blackgram  has  relatively  limited  available  data,  in  comparison  to  other  Fabaceae  species.  A  total  of  631  EST 
sequences  and  242  nucleotide  sequences  in  blackgram  are  present  in  the  public  domain  as  of  17  December,  2013  as 
compared  to  44,997  ESTs;  51,511  GSSs  in  chickpea  and  24,176  ESTs;  89307  GSSs  in  pigeonpea  including  the  whole 
genome  sequence.  There  is  a  significant  need  to  improve  the  functional  genomics  resources  of  blackgram  to  identify  the 
novel  genes  and  to  facilitate  the  research  in  the  area  of  genomics  and  molecular  assisted  breeding  for  drought  stress 
tolerance. 

Isolation  of  high-quality  RNA  is  a  critical  step  in  the  successful  implementation  of  functional  genomics 
experiments  (e.g.,  reverse  transcription-  polymerase  chain  reaction  [RT-PCR],  generation  of  expressed  sequence  tags, 
microarray  analysis).  Generally,  all  legumes,  including  blackgram  are  complicated  by  the  presence  of  high  concentrations 
of  intrinsic  polysaccharides,  polyphenols,  and  other  secondary  metabolites.  It  was  observed  that  the  tendency  of  increasing 
concentration  of  these  compounds  in  plants  under  biotic  and  abiotic  stresses,  such  as  pathogen  infection  or  drought 
(Chaves  et  al,  2003;  Logemann  et  al,  1987;  Lopez  et  al,  1992).  Polyphenols  present  in  the  tissues  become  oxidized  to 
quinines  and  covalently  bind  to  nucleic  acids  (Loomis,  1974)  and  polysaccharides  coprecipitate  with  RNA  because  of 
having  similar  physicochemical  properties  of  RNA  (Sharma  et  al,  2003;  Key  et  al.,  2012).  Besides  this  polysaccharide 
concentration  hinders  resuspension  of  precipitated  RNA  and  interferes  with  absorbance  based  quantification,  enzymatic 
manipulations  and  electrophoretic  migration  (Wilkins  and  Smart,  1996).  If  these  metabolites  are  not  removed  during  the 
process  of  RNA  extraction,  they  may  interfere  with  highly  sensitive  downstream  applications  such  as  sequence  expressed 
tag  marker  assisted  polymorphism,  cDNA  library  construction,  and  microarray  hybridization  or  they  may  completely 
degrade  RNA. 

There  are  many  methods  available  for  the  isolation  of  RNA  from  different  tissues.  The  improved  methods  like 
AGPC  method  (ChomcZynsky  and  Sacchi,  1987),  benzyl  chloride  method  (Suzuki  et  al.,  2001),  SDS  and  Phenol  method 
(Thompson  et  al.,  1983;  Alemzadeh  et  al.,  2005)  produce  high  quality  RNA  from  specific  plant  species.  But  these  methods 
are  time  consuming,  more  laborious  and  involves  toxic  chemicals  like  guanidian  thiocyanate,  benzyl  chloride  and  CTAB. 

Further,  there  are  no  reports  are  available  regarding  the  purity  and  quantity  of  extracted  RNA  from  blackgram 
cultivars  both  in  stressed  and  unstressed  conditions.  Thus,  there  is  an  immediate  need  to  improve  and  standardize  methods 
for  RNA  isolation  in  blackgram  genotypes  which  can  be  useful  for  further  biotechnological  and  genetic  engineering 
studies. 

RNA  isolation  from  legume  tissues  like  leaf  and  seeds  has  been  reported  earlier  (Datta  et  al,  1989;  Kansal 
et  al,  2008)  using  detergents  such  as  sodium  dodecyl  sulphate  (SDS),  followed  by  lithium  chloride  (LiCl),  but  the 
efficiency  of  these  methods  in  isolating  RNA  from  different  plant  parts  of  blackgram  not  known.  Hence  the  same  method 
was  used  to  extract  pure  RNA  with  slight  modifications.  This  modified  method  overcomes  the  difficulties  in  extracting 
pure  RNA  from  leaves,  roots  and  flowers  of  blackgram  which  are  rich  in  protein,  lipid  and  phenolic  compounds  and 
simultaneously  avoids  the  use  of  toxic  chemicals.  The  isolated  RNA  from  all  the  tissues  is  amenable  for  downstream 
applications  such  as  PCR,  qRT-PCR  and  cDNA  library  construction. 
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MATERIALS  AND  METHODS 

Plant  Material,  Sampling  and  Chemicals 

A  developed  variety  of  blackgram  genotype  LBG  748  was  obtained  from  Regional  Agricultural  Research  Station, 
Lam,  Guntur.  Earthen  Pots  of  25  cm  x  30  cm  size  were  filled  with  black  loamy  soil.  A  total  of  three  seeds  for  pot  were 
maintained  and  the  plants  were  irrigated  regularly.  At  40  DAS  plants  were  kept  for  drought  treatment  for  about  six  days. 
Immediately  after  treatment  the  leaves,  flowers  and  roots  were  collected  from  the  control  plants  whereas  only  leaves  were 
collected  in  case  of  water  stressed  plants  then  plants  were  reirrigated  and  kept  for  recovery.  After  six  days  of  recovery 
again  leaves  were  collected  from  the  treated  plants.  Plant  tissues  were  flash  frozen  in  liquid  nitrogen  immediately  after 
collection  and  preserved  at  -80°C  until  further  studies.  The  chemicals  used  were  of  molecular  biology  grade  and  solutions 
were  prepared  by  using  Millipore  water.  Consumables  were  of  RNase  free,  plastic  ware  and  pipette  tips  were  treated 
overnight  with  0.1%  DEPC-treated  distilled  water  and  autoclaved.  Mortars  and  pestles  were  baked  overnight  at  140°C 

RNA  Isolation 

About  1.5  g  of  plant  material  (leaf,  root  and  flower)  was  made  to  a  fine  powder  by  using  precooled  pestle  and 
mortar  and  liquid  nitrogen.  To  the  powdered  plant  tissue  sample  a  cocktail  of  10  ml  of  extraction  buffer  (0.1  M  Tris  HC1, 
pH  9.0,  0.25  M  Sucrose,  0.2  M  NaCl  and  10  mM  MgCl2)  was  added  in  order  to  extract  the  entire  RNA  from  all  the  tissue 
material.  Later  10  ml  of  freshly  prepared  1:1  (v/v)  phenol  (water  saturated),  chloroform  mixture  was  added  to  denature  the 
protein  contaminants.  This  is  followed  by  an  addition  of  1  ml  of  0.5  M  potassium  EDTA  and  1  ml  of  20%  SDS 
sequentially  and  the  grinding  process  was  continued.  The  grinded  solution  of  RNA  mixture  was  transferred  to  sterile 
oakridge  tubes.  To  these  oakridge  tubes  containing  RNA  mixture  144  ul  of  P  -  mercaptoethanol  was  added  and  shook  at 
4°C  for  about  20  min  followed  by  a  centrifugation  at  16,000  rpm  for  about  30  min  then  the  supernatant  was  transferred  to 
another  sterile  oakridge  tube.  Equal  volume  of  chloroform  and  isoamyl  alcohol  (49:1)  was  added  to  this  aqueous  phase, 
followed  by  a  brief  vortex.  Now  the  contents  were  spun  at  15,  000  rpm  for  15  min  at  4°C.  The  aqueous  phase  formed  was 
transferred  to  another  clean  oakridge  tube  and  to  this  8  M  of  LiCl2  was  added  to  bring  a  final  concentration  of  3  M  and  the 
tubes  were  preserved  at  4°C  for  about  20  hrs.  Later  the  tubes  were  centrifuged  at  16,  000  rpm  for  30  min  at  4°C. 
The  supernatant  was  discarded  and  precipitate  was  washed  with  5  ml  of  2  M  LiCl2  followed  by  5  ml  of  75%  ethanol  by 
centrifuging  at  15,  000  rpm  for  20  min  at  4°C  The  pellet  was  dried  and  dissolved  in  150  ul  of  DEPC  water. 

Quantification  and  Integration  of  Total  RNA 

The  quantity  and  quality  of  the  RNA  obtained  was  assessed  spectrophotometrically  at  230,  260  and  280  nm. 
An  aliquot  of  (1  ul)  of  the  supernatant  was  used  for  the  quantification  of  yielded  RNA  and  the  absorbance  was  measured  at 
A260  nm.  The  A260/230  and  A260/280  ratio  was  used  to  detect  the  carbohydrates  and  proteins  contamination.  Quality  and 
integrity  of  isolated  RNA  was  verified  by  electrophoresing  RNA  on  1.5%  agarose  gel  and  staining  with  ethidium  bromide 
(Sambrook  et  ai,  1989).  The  bands  were  visualised  and  photographed  using  Gel  documentation  unit. 

cDNA  Synthesis,  RT-PCR  and  Library  Construction 

All  RNA  samples  were  treated  with  RNase-free  DNase  (Fermentas),  according  to  the  manufacturer's  instructions. 
First  strand  cDNA  was  synthesized  by  reverse  transcribing  2  ug  of  total  RNA  with  RevertAid  First  Strand  cDNA  Synthesis 
Ki  (Fermentas)  in  a  20  ul  reaction  using  oligo  (dT)i8primers  and  Revert  Aid™  M-MuLV  Reverse  Transcriptase  according  to 
manufacturer's  instructions.  Reverse  transcription  was  performed  at  42°C  for  1  hour  followed  by  70°C  for  5  min. 
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All  cDNA  were  stored  at  -20°C  until  use. 

The  cDNAs  were  PCR  amplified  (with  expected  amplicon  of  150  bp)  by  dhnl  gene  (NCBI  accession  No 
AY547295)  specific  primers.  PCR  reactions  were  carried  out  in  a  final  volume  of  25  |iL  reaction  mixture  containing  10 
mM  Tris-HCl  (pH  8.3),  50  mM  KC1,  1.5  mM  MgCl2,  200|iM  dNTP,  0.2|il  (10|iM)  of  each  primer 
(forward  5 '  -C  AC  AC  AG  AG  ATG  ATGGGTATGG-  3'  and  reverse  5'-  CACAGAGATGATGGGTATGG  -  3')  and  0.5  U  of 
Taq  DNA  polymerase.  The  temperature  profile  was  as  follows.  The  initial  denaturation  was  carried  out  at  94°C  for  2  min 
later  on  up  to  30  cycles  at  94°C  for  1  min,  55°C  for  lmin,  and  72°C  for  1  min  followed  by  a  final  extension  for  7  min  at 
72  °C.  The  cDNA  library  was  constructed  with  ZAP-cDNA  Synthesis  Kit  (Agilent  Technologies  USA)  using  5  |ig  of 
isolated  RNA.  The  library  was  subsequently  used  for  identification  of  drought  stress  responsive  genes  (unpublished  data). 

Quantitative  RT-PCR  Analysis  (qRT-PCR) 

qRT-PCR  was  performed  on  a  Lightcycler  480  (Roche)  with  LightCycler®480  SYBR  Green  I  Master  (Roche). 
The  reactions  were  performed  according  to  the  manufacturer's  instructions.  The  PCR  program  was  initiated  at  95°C  for 
5  min  to  activate  Taq  DNA  polymerase,  followed  by  35  thermal  cycles  for  10  seconds  at  95°C,  10  seconds  at  55°C  and 
15  seconds  at  72°C.  Melting  curve  analysis  was  performed  immediately  after  the  real-time  PCR.  The  temperature  range 
used  for  the  melting  curve  generation  was  from  55°C  to  95°C.  All  assays  were  performed  using  three  technical  and 
biological  replicates,  a  non-template  control  and  a  non-RT  control.  The  determination  of  the  crossing  amplification  point 
(Cp)  as  well  as  the  relative  quantification  analysis  (AACT-method)  was  performed  using  the  Lightcycler  480  software 
1.5.  The  amplification  of  non-template  controls  generated  Cp  values  of  above  45  and  was  not  detectable. 
The  non-normalized  expression  data  was  analyzed  by  geNorm  v3.5  and  Norm  Finder  version  2  whereas  the  raw  Cp  values 
were  imported  into  BestKeeper  version  1 . 

RESULTS  AND  DISCUSSIONS 

Black  gram  tissues  are  rich  source  of  protein  and  amino  acids  like  methionine,  tryptophan  and  lysine.  It  also 
contains  55-60%  soluble  sugars,  fibers,  starch  and  unavailable  carbohydrates.  All  these  molecules  may  interrupt  the  RNA 
extraction  processes  and  results  in  poor  yield  of  RNA  with  degradation.  Hence,  standard  method  such  as 
guanidinium-phenol-chloroform  method  for  RNA  extraction  (Chomezynski  and  Sacchi  1987)  could  not  be  useful  for 
blackgram  tissues. 

In  this  study  a  phenol-  based,  guanidinium  salt-free  protocol  was  developed  using  the  simple  low  cost  chemicals 
sucrose  and  sodium  chloride.  All  the  reagents  used  in  this  protocol  were  selected  based  on  their  properties.  Sucrose  and 
sodium  chloride  were  useful  to  maintain  the  osmotic  pressure,  while  the  Tris  buffer  maintains  the  cells  at  pH  9.0.  EDTA 
binds  divalent  cations  in  the  lipid  bilayer,  thus  weakening  the  cell  envelope.  Following  cell  lysis,  EDTA  limits  RNA 
degradation  by  binding  Mg+2  ions  which  is  a  necessary  cofactor  for  nucleases  such  as  DNase  and  RNase  (Dawson  et  ah, 
1986).  Addition  of  high  concentrations  of  P-mercaptoethanol  preserves  the  RNA  by  preventing  production  of  quinones 
from  phenolics  (Venkatachalam,  1999).  Moreover  the  P-mercaptoethanol  along  with  phenol/chloroform  might  inactivate 
RNAase  by  dissociating  the  disulfide  linkages  (Venkatachalam  et  al.,  1999,  Dawson  et  al.,  1986,  Wang  et  al,  2005). 

The  SDS  disrupts  protein-nucleic  acid  interactions  and,  together  with  the  chloroform  and  phenol,  denatures  the 
proteins  so  that  they  become  insoluble  in  the  aqueous  solution.  The  charged  nucleic  acids  will  remain  in  the  salty  aqueous 
phase,  whereas  the  proteins,  with  their  aromatic  and  aliphatic  side  chains,  will  partition  to  the  organic  phase. 
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Because  phenol:  chloroform  is  immiscible  with  water,  centrifugation  results  in  the  formation  of  two  phases,  a  lower 
organic  phase  that  contains  denatured  proteins  and  an  upper  aqueous  phase  that  contains  nucleic  acid.  The  isoamyl  alcohol 
facilitates  the  separation  of  the  two  phases.  Removing  the  aqueous  phase  recovers  the  RNA  from  the  protein,  and  a  second 
organic  extraction  with  chloroform  removes  the  considerable  amount  (-6%  by  volume)  of  phenol  that  dissolves  in  the 
aqueous  phase  with  the  RNA  and  that  can  contaminate  the  RNA.  Higher  centrifugation  speed  (g)  was  maintained  for 
proper  segregation  of  nucleic  acids  from  proteins  and  polysaccharides  (Salzman  et  al.,  1999). 

To  prevent  the  chemical  reaction  between  polyphenols,  polysaccharides  and  RNA  during  the  extraction  the 
samples  were  incubated  at  low  temperatures  from  the  first  step  itself.  It  is  contemplated  that  low  temperatures  decreases 
rate  of  chemical  reactions.  As  a  result,  the  phenolic  compounds  did  not  react  with  nucleic  acids  and  were  precipitated  with 
other  debris  after  the  first  centrifugation  and  the  supernatant  appeared  was  completely  clear. 

LiCl  has  been  frequently  used  to  precipitate  RNA,  although  precipitation  with  alcohol  and  a  monovalent  cation 
such  as  sodium  or  ammonium  ion  is  much  more  widely  used.  LiCl  precipitation  offers  major  advantages  over  other  RNA 
precipitation  methods  where  they  do  not  efficiently  precipitate  DNA,  proteins  and  carbohydrates  (Barlow  et  al,  1963).  It  is 
the  method  of  choice  for  removing  inhibitors  of  translation  or  cDNA  synthesis  from  RNA  preparations  (Cathala  et  al., 
1983).  It  also  proved  to  be  a  simple  and  rapid  method  for  recovering  RNA  from  in  vitro  transcription  reactions.  Ethyl 
alcohol  solution  effectively  eliminate  the  salt  residues  present  in  the  sample  (Hidayah  Jamalnasir,  2013),  there  by 
producing  the  qualitative  RNA.  The  precipitated  RNA  was  free  from  contaminating  DNA  and  therefore  eliminated  the 
need  for  decarboxynucleases  (DNase). 

Using  the  current  protocol  total  RNA  was  isolated  from  the  different  tissues  types,  genotypes  and  drought  stressed 
samples  of  blackgram.  A  total  of  360pg  of  RNA  was  obtained  from  the  1  gm  of  leaf  sample  followed  by  280ug  from 
flowers  and  230ug  from  roots.  Drought  stressed  leaf  samples  yielded  330ug  of  total  RNA.  A260/A280  and  A260/A230 
ratios  of  the  RNA  extracts  were  as  high  as  1.87,  2.36  respectively,  which  indicates  the  presence  of  low  amounts  of  protein, 
polysaccharides  and  polyphenols  contamination  (Table  1).  Purity  of  RNA  samples  (A260/A230  ratio)  isolated  from  leaves 
was  2.36,  while  in  case  of  root  tissue,  floral  tissue  and  drought  stressed  leaves  it  was  2.1  and  2.21. 

The  quality  of  the  RNA  assayed  using  the  formaldehyde  agarose  gel  electrophoresis.  All  the  RNA  samples 
showed  discrete  bands  corresponding  to  28S  and  18S  rRNA  (Figure  1  and  2).  The  bands  were  significantly  prominent  in 
leaves  followed  by  flowers  and  roots.  Using  this  protocol  high  quality  of  RNA  was  isolated  from  the  different  genotypes  of 
the  blackgram.  Hence,  the  above  described  method  is  a  genotypic  independent. 

Table  1:  Total  RNA  Yield  Isolated  from  Different  Tissues  of  Blackgram  Using  LiCl2  Method 


Plant  Tissues 

RNA  Yield 

RNA  Purity 

(ug/g  Tissue) 

A260/A280 

A260/A230 

Leaf 

360+15 

1.875+0.011 

2.36+0.014 

Flowers 

280+30 

1.8+0.01 

2.1+0.02 

Roots 

230+10 

1.7+0.02 

2.1+0.024 

Drought  Stress  Leaf 

330+15 

1.8+0.01 

2.21+0.01 
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28  S  RNA 
18  S  RNA 


Figure  1:  Isolated  RNA  Showing  Intact  mRNA    Figure  2:  The  Pure  and  Intact  mRNA  in  Flower  and 

Root  Samples 

1 .  Control  Leaf 

2.  Drought  Stress  Leaf 

After  isolating  the  high  quality  total  RNA  from  leaves,  flowers,  roots  and  drought  stressed  samples,  cDNA  was 
prepared  by  reverse  transcription.  Further,  this  single  stand  cDNA  was  used  as  template  for  RT-PCR,  qRT-PCR  and  cDNA 
library  construction.  Using  the  gene  specific  primers  of  actin  gene  (NCBI  Acc  No  FR839671)  an  expected  amplicon  of 
350  bp  was  successfully  amplified  from  all  RNA  preparations  indicating  the  high  quality  of  RNA  and  acquiescent  for 
downstream  applications  (Figure  3). 
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Figure  3:  Actin  Amplification  Products  of  cDNA 

1.  Leaf 

2.  Drought  stress  leaf 

3.  Flower 

4.  Root 

CONCLUDING  REMARKS 

Blackgram  is  an  annual  pulse  crop  and  contains  large  amounts  of  polyphenols  and  polysaccharides.  Because  of 
these  compounds  isolation  of  good  quality  RNA  from  different  plant  parts  of  blackgram  is  difficult.  Most  of  the  published 
protocols  failed  to  yield  sufficient  quantity  of  high  quality  RNA  from  various  blackgram  tissues  suitable  for  gene 
expression  studies.  Our  refined  protocol  with  the  inclusion  of  EDTA,  NaCl  extraction  buffer  along  with  an  addition  of 
LiCl2  in  final  step  yielded  good  quality  and  quantity  of  RNA,  from  all  the  plant  parts  of  blackgram.  Intact  RNA,  higher 
amount  of  mRNA  recovery,  consistent  cDNA  profile  through  Differential  Display  RT-PCR,  amplification  of  higher 
number  of  subtracted  cDNA  transcripts  through  subtractive  hybridization  and  RT-PCR  using  gene  specific  primer 
confirmed  the  quality  of  RNA.  Moreover  this  protocol  is  simple,  fast  and  inexpensive  to  perform  and  allowing  efficient 
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extraction  of  high-quality  RNA  from  lentil  crops,  where  macromolecular  contamination  is  a  major  barrier.  Hence,  this 
protocol  will  be  useful  for  isolating  high  quality  RNA  suitable  for  gene  expression  studies  and  also  for  Northern  blotting, 
nuclease  protection  assays,  RNA  mapping,  in  vitro  translation,  RACE  and  cDNA  library  construction. 
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